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ABSTRACT: Excess land reclamation has caused the disappearance of sandy beaches in many places and the 
transformation of the natural shoreline into an artificial coast covered with concrete blocks. We investigated this issue, 
taking the Toyo-oka coast, which was a natural pocket beach of 400 m length, as an example. This coast was a popular 
bathing beach, but the scenic beauty was totally lost because of excess land reclamation and the construction of a 
concrete seawall as a measure against erosion and wave overtopping caused by the extension of fishing port breakwater. 
Thus, the most important value of the bathing beach disappeared, and now, no one visits this coast. To prevent the same 
phenomena from occurring on other coasts, we must deeply learn from this lesson. 
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INTRODUCTION 
In Japan, coastal land is limited so that privately 
owned land extends very close to the coastline, which is 
under the jurisdiction of the Coast Law. Because of the 
land limitation, in the construction of access roads to the 
beach and parking lots, land reclamation has often been 
carried out. In particular, the local residents living along 
the coast desire to widen narrow roads near the coastline, 
even though an anthropogenic impact on the beach is 
possible. In reality, excess land reclamation has caused 
the disappearance of sandy beaches in many places and 
the transformation of the natural shoreline into an 
artificial coast covered with concrete blocks. We 
investigated this issue, taking the Toyo-oka coast, which 
was a natural pocket beach of 400 m length, as an 
example. This coast was a popular bathing beach in 
Chiba Prefecture, but the scenic beauty was totally lost 
because of excess land reclamation and the construction 
of a concrete seawall as a measure against erosion and 
wave overtopping caused by the extension of fishing port 
breakwater. Thus, the most important value of the 
bathing beach disappeared, and now, no one visits this 
coast. To prevent the same phenomena from occurring 
on other coasts, we must deeply learn from this lesson. 
For this purpose, we analyzed the beach changes of the 
coast. 
 
 
 
 
 
LOCATION OF STUDY AREA 
We investigated the shoreline changes associated 
with the formation of the wave-shelter zone formed by 
the extension of a fishing port breakwater at the south 
end of a pocket beach, and the effect of excess land 
reclamation, which was mistakenly carried out as a 
measure against shoreline recession. The study area is 
the Toyo-oka coast located in the southern part of the 
Boso Peninsula in Chiba Prefecture and facing the Uraga 
Strait, as shown in Fig. 1. The Tatara and Haraoka coasts 
are located on a pocket beach of 1.3 km length. Tomiura 
and Toyo-oka fishing ports are located at the south and 
north ends of the pocket beach, respectively. Further 
north of Toyo-oka fishing port, Toyo-oka bathing beach 
of 400 m length was located and surrounded by this 
breakwater and the natural headland at another end of 
the pocket beach. The shoreline changes of the pocket 
beach were investigated using aerial photographs as well 
as site observations on October 13, 2011 and 2012. 
Fig. 1  Location of study area in southern Chiba 
Prefecture 
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AERIAL PHOTOGRAPHS OF COAST UNDER 
STUDY 
Beach changes in the rectangular area of 750 m 
length and 500 m width of the Toyo-oka coast, as shown 
in Fig. 1, were investigated using six sets of aerial 
photographs taken between 1970 and 2011. Figure 2 
shows these aerial photographs. 
By 1970, the west breakwater of the fishing port with 
165 m length had extended northward behind a natural 
rock along with a tip of 40 m length extended eastward 
normal to the west breakwater. In this period, a sandy 
beach of 300 m length extended from the mouth of a 
small river (a in Fig. 2) flowing into the pocket beach 
near the fishing port to rock c, including rock b. In those 
days, there was a natural sandy beach appropriate for 
bathing on the Toyo-oka coast. 
By 1975, the tip of the breakwater further extended 
northward by 25 m, and the shoreline started to retreat 
Fig. 2  Aerial photographs of study area taken between 1970 and 2011. 
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south of rock b. Although there was no change in the 
shape of the fishing port breakwater between 1975 and 
1985, the shoreline further receded south of rock b 
located on the far side of the fishing port breakwater. As 
a measure, a short groin was seemed to be extended at 
rock b, and the shoreline between rocks b and c was 
reclaimed, resulting in the artificial shoreline advance by 
20 m. On the other hand, the shoreline immediately 
south of groin b further retreated because of southward 
longshore sand transport toward the wave-shelter zone of 
the breakwater, which was induced by the wave-
sheltering effect of the breakwater. Because of the 
erosion near point d, the seawall was built as a measure 
against beach erosion. The same situation continued until 
1990, but until 2005, the shoreline immediately south of 
groin b severely retreated. This beach erosion is 
considered to be caused by the blockage of southward 
longshore sand transport by groin b under the condition 
that the southward longshore sand transport induced by 
the formation of a wave-shelter zone of the fishing port 
prevails. As a measure against beach erosion, a seawall 
with a convex shape covering the eroded location was 
constructed along with the land reclamation until 2011. 
Finally, almost half of the bathing area of the Toyo-oka 
coast was covered with artificial structures, resulting in 
the disappearance of the natural sandy beach. 
Figure 3 shows the shoreline changes determined from 
the aerial photographs taken in 1970 and 2011, in which 
the shoreline position was corrected using the tide levels 
of +0.15 and -0.29 m, respectively, above the mean sea 
level of the coast along with the foreshore slope of 1/9 
measured in 2011. The shoreline south of the protruded 
seawall retreated as much as 18 m, whereas sand eroded 
from this area was transported south of the small river. 
In addition, although the shoreline in the northern part of 
the pocket beach was of concave shape before the 
construction of the seawall, the seawall has inversely 
protruded by 10 m forming a convex seawall line. 
  
CHANGE IN WAVE FIELD AFTER EXTENSION 
OF BREAKWATER 
The change in wave field owing to the construction 
of the Toyo-oka fishing port breakwater was calculated 
using the angular spreading method for irregular waves 
(Sakai et al., 2006). The structural conditions in 1970 
and 2011 were regarded as the conditions before and 
after the construction of the breakwater. The calculation 
domain was a rectangular area of 500 m width and a 
cross-shore distance of 1000 m, as shown in Fig. 3. 
For wave conditions, wave height and wave period 
were assumed to be H = 1 m and T = 5 s, respectively, 
and we assumed the wave incidence from the positive Y 
direction (α = 0° when N300°E). The directional 
spreading parameter Smax was assumed to be 10. The 
calculation domain was divided using the meshes of ΔX 
= ΔY = 2 m. 
Figures 4 shows the distribution of the wave 
diffraction coefficient Kd and wave direction measured 
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Fig. 3  Shoreline changes between 1970 and 2011. 
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counterclockwise with respect to the positive Y direction. 
Before the construction of the Toyo-oka fishing port 
breakwater, the Kd value had an almost symmetric 
distribution with respect to the centerline of the pocket 
beach. However, after the extension of the breakwater, 
the wave-shelter zone behind the fishing port was 
enlarged and the area where waves are incident from the 
clockwise direction markedly expanded to the center of 
the pocket beach. Under these conditions, southward 
longshore sand transport will be induced, resulting in 
erosion in the northern half and deposition in the 
southern half of the pocket beach. We can predict these 
beach changes using the BG model (a 3-D model for 
predicting beach changes based on Bagnold’s concept) 
(Serizawa et al., 2007), for example.  
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Fig. 4  Distribution of wave diffraction coefficient Kd and wave direction before and after construction of fishing port 
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SITE OBSERVATION 
Figure 5 shows the north end of the bathing area. A 
high concrete seawall suddenly appeared and the sandy 
beach was truncated there. Figure 6 shows the north end 
of the sandy beach along with the seawall and foot 
protection. Because the crown height of the seawall is as 
much as 5 m above MSL, the shoreline view of the 
sandy beach was suddenly truncated by the seawall, and 
many concrete blocks to protect the toe of the seawall 
have severely subsided. In particular, a large subsidence 
was observed near the shoreline where a large variation 
in the beach elevation normally occurs owing to the 
wave action. The fact that the seawall and its foot 
protections extended obliquely to the shoreline clearly 
explains that these facilities had been constructed with 
the land reclamation. Furthermore, it is assumed that the 
foot depth of the seawall had to be increased owing to 
the seaward advance of the seawall, which in turn 
resulted in a high crown height to prevent wave 
overtopping and increase in weight of the foot protection 
of the seawall. 
Figure 7 shows the central part of the seawall and 
foot protection along with the north end of the foot 
protection and seawall. There is no sandy beach here and 
the beach was buried under the concrete blocks. At the 
tip of the seawall, a very narrow sandy beach and a 
curtain wall behind the sandy beach can be seen. Figure 
8 shows the details of the narrow beach and the curtain 
Fig. 5  North end of Toyo-oka bathing area. 
(October 13, 2011) 
Fig. 7  High seawall and foot protection (October 13, 
2011) 
Fig. 6  Seawall protecting reclaimed land (October 
13, 2011) 
Fig. 9  Protrusion of seawall and foot protection. 
(October 13, 2011) 
Fig. 8  Abandoned parking lot and curtain wall. 
(October 13, 2011) 
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wall in a photograph taken from the north end of the 
beach looking south. Taking into account that there was 
an abandoned parking lot immediately landward of the 
curtain wall and concrete blocks were placed on this 
previous parking lot, it is clear that the curtain wall was 
constructed to build a parking lot very close to the 
shoreline along with the pavement on top, but this 
parking lot became unusable owing to the severe wave 
overtopping because of its low elevation. In short, the 
attempt to build a parking lot by land reclamation 
completely failed, while leaving the remains of concrete 
structures, and the natural sandy beach was narrowed. 
Figure 9 shows the photograph of the seawall taken 
from the west sandy beach. The concrete seawall 
obliquely cut the sandy beach and the structures 
significantly protruded, burying the natural sandy beach. 
Thus, all the activities had an adverse effect on the 
preservation of the natural sandy beach. 
Figure 10 shows the coastal road built along the new 
and previous seawalls. The previous seawall made of 
stone, as shown by arrow e, was subjected to weathering, 
clearly suggesting that the coastline was located along 
this seawall in the past and land reclamation was carried 
out to build a new road in front of the previous seawall 
along with the construction of the new seawall. Figure 
11 also shows the old stone-made seawall. Although 
these seawalls had been constructed by 1985, as shown 
in Fig. 2, the seaward side of this old seawall was 
reclaimed for the construction of the new road along the 
seawall. Figure 12 shows the east end of the reclaimed 
land. A road extending along the coastline protruded into 
the foreshore with scarp formation in front, which was 
considered to be caused by the wave action during storm 
waves. The sandy beach was narrowed by this road 
construction. 
In the aerial photograph shown in Fig. 2, it was 
difficult to distinguish whether or not the area north of 
rock b is sandy beach. In fact, the sandy beach north of 
the seawall protecting the reclaimed land was 
Fig. 10  Inland of the new seawall and previous 
seawall made of stone. (October 13, 2011) 
e
Fig. 11  Previous seawall. (October 13, 2011) 
Fig. 12  Narrowed beach by constructing a road.  
(October 13, 2011) 
Fig. 13  Transformation of sandy beach into concrete 
slope for boating (October 13, 2012). 
Fig. 14  A small boat lowered to shoreline along the 
slope (October 13, 2012). 
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transformed into the concrete slope for boating, as 
shown in Fig. 13. Several reasons for such a difficulty 
can be considered: (1) the concrete slope extended with 
the same slope of 1/10 as the sandy beach, (2) the color 
of the slope was exactly the same as the sandy beach, 
and (3) sand was deposited on the concrete slope. Figure 
14 shows a small boat lowered to the shoreline along the 
slope. It was difficult to distinguish between the sandy 
beach and the concrete slope because of sand deposition 
on the concrete slope. 
 
CONCLUSIONS 
On the Toyo-oka coast, a community road and the 
seawall were constructed on the foreshore along with 
land reclamation, resulting in the narrowing of the 
bathing area. This had an adverse effect on the 
preservation of a natural bathing area, which was 
important for the recreational use of the coast in this area. 
Taking into account the wave-sheltering effect due to the 
breakwater of Toyo-oka fishing port, as shown in Fig. 2, 
the protruding seawall was constructed at the exact spot 
where the shoreline would retreat because of the 
longshore sand transport toward the wave-shelter zone 
behind the breakwater. The wave action to the seawall 
and foot protection was so large that difficulties were 
experienced in the maintenance of the foot protection 
because of the subsidence, and the scenic beauty as a 
bathing area was entirely destroyed by the large concrete 
blocks and extremely high seawall.  
Even though a large amount of money had been spent 
for the construction of these facilities, the natural sandy 
beach was irreversibly destroyed and the bathing spot 
disappeared because of these activities. Although beach 
nourishment seemed to be possible to recover the sandy 
beach, nourishment sand will be quickly transported to 
the wave-shelter zone of the fishing port to deposit 
inside of the fishing port in the presence of the fishing 
port breakwater, causing another problem such as the 
deposition in the navigation channel of the fishing port. 
Thus, further improvement by beach nourishment is not 
feasible on this pocket beach. There is a river flowing 
into this pocket beach, but the scale is small so that it 
might be difficult to expect sand supply from the river.  
The local people’s expectation for enhancing their 
convenience of the daily traffic and the approval by the 
local government of such a demand with the lack of 
scientific discussion caused this situation. Lack of the 
public discussion and the participation of only a limited 
number of stakeholders without sufficient scientific 
discussion was considered to be one of the causes. The 
same devastation of the natural beaches by 
anthropogenic factors can be observed elsewhere in 
Japan, such as the Katsuyama coast in Chiba Prefecture 
(Ohnuki et al., 2010) and Hirakata fishing port in Ibaraki 
Prefecture (Tamura et al., 2011), suggesting that the 
disappearance of natural sandy beach is accelerated by 
anthropogenic factors (Uda, 2010). On the Katsuyama 
coast in Chiba Prefecture, the most important sandy 
beach used as a bathing spot was extremely narrowed by 
the excess advance of the parking lot by land 
reclamation. Near the Hirakata fishing port, the natural 
sandy beach was also destroyed by the excess land 
reclamation. Thus, artificial alteration has been widely 
carried out along the entire coastline in Japan. To 
conserve the natural sandy beach, leaving a buffer zone 
between the shoreline and private land with sufficient 
width is necessary and it is also useful for limiting the 
damage caused by waves including the tsunamis (Uda et 
al., 2007). Thus, the development in coastal zone should 
be moderately carried out. We have to learn from this 
lesson so that the quality of the natural sandy beach is 
maintained. Public discussion in which all the 
stakeholders participate is necessary along with 
sufficient scientific knowledge. 
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